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(54) NOISE REDUCER FOR POWER CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a noise reducer 
capable of excellentiy eliminating noises from a power 
converter by a simple circuit. 
SOLUTION: A three-phase induction motor 6 is 
connected to an inverter device consisting of an AC 
power 1 . a rectifier circuit 3, a filter capacitor 4, and an 
inverter circuit 5 as load. A leakage current detector 8 in 
connected between the power supply 1 and the rectifier 
circuit 3. An N-P-N type first transistor Tri is joined 
between one end of the smoothing capacitor 4 and a 
case for the motor 6. A P-N-P type second transistor 
Tr2 is connected between the case for the motor 6 and 
the other end of the smoothing capacitor 4. The first 
and second transistors Tri . Tr2 are driven by an output 
from the leakage current detector 8, and a current to 
cancel common-mode noises is injected. 
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* NOTICES * 

JPO and NCIPl are not responsible for any 
danages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The noise reduction equipment characterized by to have the noise compensation 
current-supply circuit which answers the noise current detected with a noise detection means 
are noise reduction equipment in the power converter which changes power based on turning on 
and off of a switching element, and detect the noise current of power Rhine, and said noise 
detection means, forms said noise current and noise compensating current of the reverse sense, 
and supplies this noise compensating current to Rhine where the noise current of said power 
converter is flowing. 

[Claim 2] The rectifier circuit where said power converter was connected to AC power supply, 
and the capacitor for smooth connected between the direct-current output terminals of the pair 
of said rectifier circuit. It consists of an inverter circuit connected to said capacitor for smooth. 
Said noise detection means It is the leak current detection means connected between said AC 
power supply and said rectifier circuits in order to detect the leak current which flows from the 
load of said inverter circuit to a gland. Said noise compensation current-supply circuit has at 
least one side of the 2nd current controlling element connected between the 1st current 
controlling element connected between the end of said capacitor for smooth, and the gland, the 
other end of said capacitor for smooth, and KURANDO. Said 1st and 2nd current controlling 
elements are noise reduction equipment according to claim 1 characterized by being what 
answers the current detected with said leak current detection means, and supplies noise 
compensating current. 

[Claim 3] The rectifier circuit where said power converter was connected to AC power supply, 
and the capacitor for smooth connected between the direct-current output terminals of the pair 
of said rectifier circuit, A line filter including the series circuit of the 1st and 2nd capacitors for 
line filters connected between power Rhine between the inverter circuit connected to said 
capacitor for smooth, and said AC power supply and said rectifier circuit, It changes and said 
noise detection means is a normal mode noise detection means connected between the series 
circuits of the said AC-power-supply, said 1 st, and 2nd capacitors for line filters, since — The 
1 st current controlling element by which said noise compensation current-supply circuit was 
connected between the Points of Interface of the end [ of said capacitor for smooth ]. said 1 st. 
and 2nd capacitors for line filters. It has at least one side of the 2nd current controlling element 
connected between said Points of Interface and other ends of said capacitor for smooth. Said 
1st and 2nd current controlling elements are noise reduction equipment according to claim 1 
characterized by being what answers the normal mode noise detected with said normal mode 
noise detection means, and supplies noise compensating current. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the noise reduction equipment in the power 

converter containing switching elements, such as inverter equipment. 

[0002] 

[Description of the Prior Art] The conventional inverter equipment shown in drawing 1 consists 
of the rectifier circuit 3 connected to AC power supply 1 through the line filter 2, the capacitor 4 
for smooth connected between the output terminals of the pair of a rectifier circuit 3. and the 
inverter circuit 5 connected to the capacitor 4 for smooth. A line filter 2 changes from the 
reactor L connected to the serial, respectively to three power Rhine between three-phase- 
circuit AC power supply 1 and a rectifier circuit 3, and removes a RF noise component. An 
inverter circuit 5 is the output voltage VO in which Pulse Density Modulation (PWM) was carried 
out by this turning on and off including switching element Q, such as IGBT (insulated-gate 
bipolar transistor). It generates. In drawing 1 , the three-phase induction motor 6 is connected as 
a load of an inverter circuit 5. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way. output voltage VO of an inverter circuit 5 
Since it is a pulse-electrical potential difference, it leaks to the electrostatic capacity C, i.e., the 
straight capacitance, between each coil of an induction motor 6, and a gland, and it is Current Ic. 
It flows by C-dv/dt. Since dv/dt is about s 3000 v/mu when switching element Q is the third 
generation IGBT, the pulse current of lOOOpF, then about 3 A flows electrostatic capacity. This 
pulse current flows the circuit which consists of AC power supply 1, an induction motor 6, and a 
gland as a common mode noise of a RF. Although a line filter 2 has an operation of noise 
rejection, it becomes impossible to fully acquire the noise rejection effectiveness with the rise of 
the on-off frequency of switching element Q. Although the power source 1 of drawing 1 is a 
three phase, in the case of single phase, the noise of KOMOMMO-DO occurs similarly. Moreover, 
it leaks, also when the middle point of a three-phase induction motor 6 is grounded, and a 
current, i.e., the zero phase current, flows as a common mode noise. The above common mode 
noise becomes generating of electrification, and the cause of a ground breaker of operation. In 
addition, in the power converter containing a switching element, the normal mode which **** the 
circuit which results in the motor 6 as a load, and flows also becomes a problem from a power 
source 1 . Although a noise is removable to some extent with the filter which consists of the 
combination of a reactor or a reactor, and a capacitor, in order to heighten the noise rejection 
effectiveness, it is necessary to use a big reactor, and a noise filter becomes on a large scale 
and expensive. 

[0004] Then, the purpose of this invention is shown in attaining the miniaturization of noise 
reduction equipment, low-cost-izing, and high-performance-izing of a power converter. 
[0005] 

[Means for Solving the Problem] A noise detection means for this invention for attaining the 
above-mentioned purpose to be noise reduction equipment in the power converter which 
changes power based on turning on and off of a switching element, and to detect the noise 
current of power Rhine, Answer the noise current detected with said noise detection means, and 
said noise current and noise compensating current of the reverse sense are formed. It is 
involved in the noise reduction equipment characterized by having the noise compensation 
current-supply circuit which supplies this noise compensating current to Rhine where the noise 
current of said power converter is flowing. In addition, as shown in claim 2, it can constitute so 
that common mode noise may be reduced. Moreover, it can constitute so that a normal mode 
noise may be reduced, as shown in claim 3. 
[0006] 

[Function and Effect of the Invention] According to invention of each claim, the compensating 
current for negating a noise component by work of one side of the 1st and 2nd current 
controlling elements or both can be poured in. That is, a noise can be reduced by active filter 
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actuation. Therefore, according to invention of each claim, compared with the filter based on 
passive elements, such as a reactor, the miniaturization of noise reduction equipment, low-cost- 
izing, and high performance-ization are attained. Moreover, according to invention of claim 2, 
reduction of common mode noise can be attained easily and good. Moreover, according to 
invention of claim 3, reduction of a normal mode noise can be attained easily and good. 
[0007] 

[The 1 st example] Next, the inverter equipment of the 1 st example is explained with reference to 
drawing 2 and drawing 3 . The inverter equipment shown in drawing 2 consists of the bridge type 
full wave rectifier circuit 3 connected to AC power supply 1 through the line filter 2, the 
capacitor 4 for smooth connected between the output terminals of the pair of this rectifier 
circuit 3, and the three phase inverter circuit 5 connected to this capacitor 4 for smooth, the 1st 
and 2nd capacitors CI for line filters which the line filter 2 was connected between AC-power- 
supply Rhine of a pair, and were connected to the serial, and C2 The 1 st and 2nd reactors LI 
connected to the serial in AC-power-supply Rhine of a pair, respectively, and L2 from — it 
changes. In addition, a capacitor CI and C2 It is the high-frequency capacitor of low capacity 
comparatively, and is a reactor LI and L2. An inductance is comparatively small. 
[0008] An inverter circuit 5 is the 1st and 2nd switching elements Q1 which consist of the 
insulated gate field effect transistor of the structure where the source was connected to the 
substrate, and Q2. A series circuit is connected between DC-power-supply Rhine of a pair, and 
it is the 3rd and 4th switching elements Q3 and Q4 further. A series circuit, the 5th and 6th 
switching elements Q5, and Q6 It is the well-known three phase bridge type inverter which 
connected the series circuit between DC-power-supply Rhine of a pair, the 1- the 6th switching 
element Q1 -Q6 On-off control is carried out by the well-known approach by the PWM pulse 
supplied from the control circuit 7. 

[0009] Three phase output Rhine of an inverter circuit 5 is connected to each phase winding of 
the 1 .5kW three-phase induction motor 6 roughly shown by drawing 2 . The motor 6 has 
electrostatic capacity C between glands. Therefore, if the pulse-like electrical potential 
difference outputted from an inverter circuit 5 is impressed to a motor 6, it will leak to a gland 
and a current, i.e.. the noise current of KOMOMMO-DO. will flow. In addition, the path of the leak 
current by the side of a power source 1 is touch-down Rhine (not shown) of a power source 1 , 
the capacitor CI for line filters, and C2. It is the straight capacitance of between a node and 
glands and AC-power-supply Rhine. 

[0010] The inverter equipment of drawing 2 has the leak current detector 8 as a noise detection 
means, and noise reduction equipment which consists of the noise compensation current-supply 
circuit 9. the annular core 13, and two 1 order coil nia and nib and one secondary coil n2 with 
which the leak current detector 8 consists of a ferrite from — it is the 0 phase CT which 
changes and the leak current (zero phase current component) Ise which consists of the 
difference of the current of power^source Rhine of a pair is detected. This sake. Two 1 order 
coil nia and nib are connected to the serial in power-source Rhine of the pair between AC 
power supply 1 and a rectifier circuit 3, respectively, in addition, the cross section of a core 13 - 
- 50mm2 it is — 1 order coil nia. nib, and secondary coil n2 The number of turns is 10. 
[0011] the noise compensation current-supply circuit 9 — the 1st and 2nd transistors Tri and 
Tr2 as 1st and 2nd current controlling elements, and the 1st and 2nd diodes D1 and D2 Coupling 
capacitor Cb from — it changes. For Tri , electrostatic capacity is [ the 1st transistor of an NPN 
mold ] the coupling capacitor Cb of lOOOpF and proof-pressure IvK between the end of the 
capacitor 4 for smooth, the iron core of a motor 6. a frame, or covering. It minds and connects. 
The 2nd transistor Tr2 of an PNP mold is the capacitor Cb for association between the other 
end of the capacitor 4 for smooth, the iron core of a motor 6, a frame, or covering. It minds and 
connects. The 1st transistor Tri is an NPN mold, the 2nd transistor Tr2 is an PNP mold, and the 
1st and 2nd transistors Tri and Tr2 have a reverse polarity mutually. The base (control terminal) 
of the 1 st and 2nd transistors Tri and Tr2 is connected to one output Rhine of the zero phase 
current detector 8, and the Point of Interface of the 1 st and 2nd transistors Tri and Tr2 is 
connected to output Rhine of another side of the zero phase current detector 8. Therefore, the 
1st and 2nd transistors Tri and Tr2 operate conversely mutually. The 1st and 2nd diodes D1 and 



http://www4.ipdI.ncipi.gojp/cgi-bin/tran_web.cgi_ejje 



2005/08/1 1 



JP.09-266677,A [DETAILED DESCRIPTION] 



3/4 



D2 In order to protect the 1st and 2nd transistors Tr1 and Tr2. it connects with reverse 
juxtaposition at this etc. In addition, it is required that the 1st and 2nd transistors Tri and Tr2 
should be a high current amplification factor, a RF, and high pressure-proofing, and they are 
hfe=200, fT =140mlcroHz. and VCEO =**160V. Moreover, covering of a motor 6 is connected to 
the gland by the earth wire. 

[0012] Next, actuation of the inverter equipment of drawing 2 is explained. The alternating 
voltage of a power source 1 is rectified in a rectifier circuit 3. Smooth [ of the output voltage of 
a rectifier circuit 3 ] is carried out by the capacitor 4 for smooth, and it turns into input voltage 
of an inverter circuit 5. the 1~ of the three phase inverter circuit 5 — the 6th SUITCHIGU 
component Q1 -Q6 On~off control is carried out by the well-known PWM pulse. A three-phase 
induction motor 6 is driven with the output voltage of an inverter circuit 5. 
[0013] As drawing 1 explained, electrostatic capacity C is between the motor 6 as a load, and a 
gland. Therefore, whenever an electrical potential difference is impressed in pulse from an 
inverter circuit 5, it leaks through electrostatic capacity C. and it is Current Ic, i.e., the zero 
phase current It flows. The leak current detector 8 leaks in the input line of a rectifier circuit 3, 
detects a current, and drives the 1 st and 2nd transistors Tri and Tr2. The smaller one of the 
leak current detector 8 N. i.e., the turn ratio of CT, is good. It leaks with the value 101 of the 
actual zero phase current, and the relation of I01=NI02 between the output currents 102 of the 
current detector 8 is. If the output current 102 of the leak current detector 8 flows into the base 
of the 1st and 2nd transistors Tri and Tr2, this will be amplified with transistors Tri and Tr2. 
When the 1st transistor Tri is ON, they are the capacitor 4 for smooth, the 1st transistor Tri, 
and a coupling capacitor Cb. The switching element Q2 of the electrostatic capacity C of a 
motor 6, and the inverter circuit 5 bottom, Q4. and Q6 Noise compensating current flows to the 
closed circuit which consists of either, and it negates, the leak current, i.e., the zero phase 
current, of a motor 6. The compensating current Id to which the current amplification factor of 
the 1st transistor Tri is supplied through hfe, then the 1st transistor Tri is hfeI02. Since 102 is 
NI01, Id is shown by the degree type. 
Ic1=hfeI02=hfe(NI01 

The current 101 by the side of [ the leak current detector 8 ] primary is shown by the degree 
type. 

I01=Ic-Ic1=Ic-hfe(NI01) 

Therefore, the value of 101 is determined by the degree type. 
101 =Ic /(1+Nhfe) 

When the value of Nhfe is enlarged so that clearly from this formula, the current (leak current 
component) 101 in AC-power-supply Rhine changes small. Now, it is set to N= 1 , hfe=1 00, then 
I01=Ic / 101, and the leak current of a motor 6 can be made or less into 1/100. 
[0014] When the 2nd transistor Tr2 is ON, it is the switching element Q1 of a capacitor 4 for 
smooth, and inverter circuit 5 top, 03. and 05. The electrostatic capacity C and the coupling 
capacitor Ob of either and a motor 6 Noise compensating current Id flows in the closed circuit 
of the 2nd transistor Tr2. The noise reduction effectiveness by this noise compensating current 
is produced like the time of the 1 st transistor Tri being ON. The noise reduction control system 
of drawing 2 is a proportional control feedback system, leaks in active and compensates a 
current. In addition, coupling capacitor Cb It is an object for DC cut and is needed at the time of 
a compressive test. 

[0015] Drawing 3 is the leak current Ic of drawing 2 . Compensating current Id and current 10 of 
an earth wire A measurement wave is shown. From now on, it can be made to 2% or less before 
compensating a leak current so that clearly. Moreover, since Tri and Tr2 of the 1st and 2nd 
transistors are reversed polarity mutually in the circuit of drawing 2 , it is one secondary coil n2. 
Control of two transistors Tri and Tr2 is attained with an output, and circuitry becomes easy. 
[0016] 

[The 2nd example] Next, the inverter equipment of the 2nd example is explained with reference 
to drawing 4 . However, in drawing 4 , the same sign is substantially given to the same part with 
drawing 2 . and the explanation is omitted. The inverter equipment of drawing 4 has noise 
compensation current-supply circuit 9a for reducing normal mode noise detector 8a and the 
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Normal noise. Normal mode noise detector 8a consists of the transformer, i.e., CT1 1 and the 
filter 12 for a noise component extract, prepared between the power source 1 and the line filter 
2. CT1 1 is 1st and 2nd 1 order coil nla and nib which were connected to the serial in AC- 
power-supply Rhine of a pair. The annular magnetic-substance core 13 constitutes the output 
winding n2 as ** at winding output winding n2 of CT1 1 **** — the sum of the current 

of 1 order coil nla and nib is obtained. Since a normal mode noise flows like a normal current, a 
noise current and a normal current are distinguished with a frequency. Since it is a commercial 
alternating current power source, for example, is 50Hz low frequency, a power source 1 is the 
secondary coil n2. The connected filter 12 is constituted so that a frequency component higher 
than the frequency of the alternating voltage of a power source 1 may be extracted. 
[0017] One output Rhine of a filter 12 is connected to the base of the 1st transistor Tri of an 
NPN mold, and the base of the 2nd transistor Tr2 of an PNP mold, and output Rhine of another 
side is connected to the Point of Interface of the 1 st and 2nd transistors Tri and Tr2. 
[0018] The collector of the 1st transistor Tri is connected to the top terminal of the capacitor 4 
for smooth like drawing 2 . and the collector of the 2nd transistor Tr2 is connected to the 
bottom terminal of the capacitor 4 for smooth. The Point of Interface of the 1 st and 2nd 
transistors Tri and Tr2 is two capacitors C1 of a line filter 2, and C2. It connects with the Point 
of Interface. 

[0019] Switching element 01 -Q6 of the inverter circuit 5 of drawing 4 It turns on and off on the 
high frequency of about 20kHz like drawing 2 . the case where supply of noise compensating 
current with the 1st and 2nd transistors Tri and Tr2 is not performed in the circuit of drawing 4 
— the 1- the 6th switching element 01 -06 The noise of normal mode occurs by turning on and 
off. The noise of normal mode is a power source 1 and a reactor LI . The diode and the reactor 
L2 of the top diode of a rectifier circuit 3. the switching element of an inverter circuit 5 top, a 
motor 6, the switching element of the inverter circuit 5 bottom, and the rectifier-circuit 3 bottom 
It flows to a closed circuit. Reactor LI And L2 All of noises are unremovable although it has the 
operation which controls a RF noise. Therefore, a noise current flows to a power source 1 . So. in 
the circuit of drawing 4 , normal mode noise detector 8a detects the normal mode noise of high 
frequency, and the 1 st and 2nd transistors Tri and Tr2 are driven by this. When the 1 st 
transistor Tri is ON. the compensating current for negating a noise component by this is 
supplied. 
[0020] 

[Modification(s)] This invention is not limited to an above-mentioned example, and the next 
deformation is possible for it. 

(1 ) As the circuit of drawing 2 is transformed and is shown in drawing 5 , it can leak and a line 
filter 2 can be connected between the current detector 8 and a rectifier circuit 3. 

(2) The power source 1 of drawing 2 can be used as a three-phase-alternating-current power 
source, a rectifier circuit 3 can be made into a three phase bridge rectifier circuit, and the leak 
current detector 8 can be used as the zero phase current detector of a three phase. 

(3) Switching element 01 -06 To consider as a bipolar transistor and transistors Tri and Tr2 
can be used as another current controlling elements, such as FET. 

(4) An inverter circuit 5 can be made into a single phase inverter circuit, 

(5) When controlling only the noise component of one direction, one side of the 1st arid 2nd 
transistors Tri and Tr2 can be excluded. 

(6) This invention is applicable also to the circuit which connects the middle point of three coils 
of an induction motor 6, i.e., the middle point of a three phase load, to a gland. 
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[Brief Description of the Drawings] 

FDrawing 1] It is the block diagram showing conventional inverter equipment. 

[Drawing 2] It is the circuit diagram showing the inverter equipment of the 1 st example of this 

invention. 

[Drawing 3] It is the wave form chart showing the current of each part of drawing 2 . 
[Drawing 4] It is the circuit diagram showing the inverter equipment of the 2nd example. 
[Draw ing 5] It is the circuit diagram showing the inverter equipment of a modification. 
[Description of Notations] 

5 Inverter Circuit 

6 Induction Motor 

8 Leak Current Detector 

Tri , Tr2 Transistor for compensation current supply sources 
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DRAWINGS 



rPrawing 1] 




[Drawing 3] 




[Drawing 4] 
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mi/ ^ xm\i-,^m^\i:,^fitzy ^ xmm.^z 
imLxmiiy^xwtm^t(r)y^xnmmm.im 

[0006] 

% 2 <7immmmm'^<r)~-f3X\im-}j<r>m # i= i ^ t y 
xmt^n-hmttziixnmim^^w^-r^ t 

■i x^^m.<7i'm'{\L. i&^xvim(fmmi&^-sim. 

coo 07] 

tBi<?)^fia!] mz. m2mm3i:m!kLxm\<r) 
-9mw,±. ■^^MMii,zy-(yy^ji'9 2i-frLxm 

i; . co^spjf ^3 yy'yv^ (.zmm^fitz^n^ y^<- 

^m^5bt^i>^^. y^ yy 1 Jl'i' 2\,t-ncr>^^m 

m.y^ y^i.zim,^ixK^-K\yi.zm^\,zim.^tirz'm\ 
m/'m2<^y^ yy ^ ju^ffm^yfy-^ci , C2 t— 
nco^mmmy-f yiz-irti^'tim.¥\izmm^tirzm 1 a 

X/m2<7)Vri'hJUl.l . L2 i:*»/?>(RS. ifirtJ. rJV 
x>'-9-Cl . C2 {iJt«Wia^i<:0«jaa^3>'x>-'fC' 

[00 08] ^fWN'-:^!!!^?^. V-Xi^-tyxhW 

- h izmm^tifzmMc^m^y- hmm^^m hyyj 

xi^i}^h^h^imfm2cr>x-( -/^yym'TQ.i . Q 
m3m/mA<7ix^ •v^yymi-Q^ . q4 wia^ijiiiss 

i:l^5S.t^Sg6c7);:?.^ -y^y-Xm^f-Q.^ . Q6 c7)ii:?Fij[ij 

8&t i-nm^mmy-i ymt.ztmLfzm^<DEMx 
xizx r,xm^(r>-j5mx'^y ■ :^ymm^tih. 

[0 0 0 9] ^ y^<-:!^^m5<7)E.niiiiJ^-( yim2 

ximi&mzTjk $ tLT v> & 1 . 5 k w<r>EMmmmM^ & 



*«ssaxs. ^rt3, mMimi>zt5ifi,mhsm(^tmti. 

mMKTymky^ y (m^-t-T) . y-iyy ^}U^m::3 
y-T yfCl . C2 0«i^i:j/7yHi:i7)E|, ao^^ 

[0010] 02(7)^ wN'-rf^BJi. y^xmta^^ 
t Lxcomtim^mia^s t. x«««8s«*&iE]sg 
9i:*^/^>M&y^x<i6j«iia^*-rs. a^t^sE^ajs 

atiyJCy^i h*><o^5iS*e3r 1 3i:2ocoi<JiC^ 
nla. nlbt l-0«7)2iJ:^ian2 i:*^f>fi?:S^fflCTT' 

JiC^ilg n la , n lbJi3SSE«jS 1 i: SgSIsISS 3 t (Ti^cT)- 

M<7immy^ yiz^ti'^tim.mizmm^tix^'^^. ^ 

fc. 3T1 3<7)Bf®«{±5 0iBii2 Th<0. l<J:^^nl 
a. nlb3tV^2<ii:^^n2 0:?-i^Sc{±l OT'fti.. 

[0011] y^xmmm^mmm^9ii. miRi/m 
2 ff^mmmm^ tLx<7)miRi>'m2(r>y-yy'jx^^ 

Trl. tr2t. |glS0fm2<^:?'-<:t- HDl , D2 

t. m-^^yry-^Cb NPNScOISKT) 
h yyi^x^l:i.TrmW-mm=t yfy^A co-Si: 
«S 6 <7)ffe't^3?.{i: 7 U - AX(±;<? <- i: <7)StC»m?iJl3&« 

1 0 OOP Wff 1 vKcO^-&:3>-rV-9-Cb SrtJTt 
TSfM^tLTV^i). PNPSt7)SI20b7>'>'':^:5'Tr2 

\t^mm^ yy'y^A <r>^tmwme<r>m'L-x{iy v 
-M.x\t:^j'^-t<n^i,zi^^m^y'fy'fc\> ^-frLx 
mw.^fix\.^h, micrihyy'jx^Trm'tiPiim.x' 

S>0, m2c7)h7:x>''X^'Tr2«PNPSTfc'3. mi 
RTfm2<riV=7yi^X-S'TT\^ Tr2(±]§:v^tca!<Ofiitt$- 

^-r-S.. miJlt/m2tfOf7>'i^'X:J'Trl, Tr2c7)'^- 

tC«g?$iX. mi2lt/m2c0h9>'i^;^:?Trl. Tr2<0 

^$iiTv>s, mimf^2cr>hyyi^xi'T 
rK Tr2<ii:v^tCjEtc«>f^-rS. |glSl>'SS20:/>f ^ 
-HDl . D2 iimiRX/m2<7)hyyi^Xi'TrU T 

r2Sr»s-r -STtibtrc: timizmtmzmm-^ tix^-^t. 

5ri3. mi2SilX|l2<7)h7i^i'';2.:5^Trl. Tr2{iSmsiE 

mmm. ^m^. ismsx'h?>ztim^^ti. hf^= 

200, fi =140;wHz , VcEo =±1 6 0Vc7)t, 

[0012] mz^ m2<r)>! y^^—}'mm(^mmmm 

3<7)itJ:^3mE<i^itffl3 y T X'^m^itX 
^ yj<-ifmSi5ffiX:h^bKi:h. Hffl-f >'>'n*-:5'13 
S85<7)|gl— HecOX'f -yf-^^S^Ql ~Q6 {±ji»lC7) 
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[0013] mix-MBMLtiXoizn^k Lxcomwm 

Wn? V %^r*^ J: t ^ . *IS(7)^ffl«gj<7)ffl 1 01 1 afch.mgi[«i 
aiS8oai^)«BE 1 02i:c7)IStc« 1 01= N 1 02coMf^*»' 

atftii8s«iaiS8<oaj:tiii85io2**miat/ig2 

**h7>'i''^:^'Trl. Tr2T'tMi|i§*T.S . mi<r>hvy 
'JxifTrWity<r)mz\i. TJtffl3:>'-f>^4i;mi 

C0h7:Xi^'X:5'Trlfcfe-^3y7^>-t^Cb i:«iS®6«0 

^Q2 , Q4 , Q6 <7)v>-t=ix*^t*>4>^SH[5lSgicy^ 
^i<7)Y=7yi>:K-?TT\^mLxm^^1xi, 

T\ Icl(i»3eT-5^$}h.S. 

Icl=hfe Io2 

= hf, (NIo.) 

Ioi=Ic — Icl 

= Ic -hfe (NIoi) 

Ioi= Ic / ( l+Nhf J 

3SSS«jg5 ^ >(:i5(t^«SE ( j^mSiEfi^* ) I o i ti'h 
$<fK5. 4-. N = l. h,e = l OOfc-mtf 
Io,= Ic/101 

fc^O. ^«6<^m^iS:l/l 0 0mTtc:-f-I.C: 

[00 14] ll2iOh7>'i^'X^Tr2*<3r>'C7)^t=:{i. 
TjtM n ^T^^-y- 4 i: >f WN' - lUK 5 <!D±iBI<OX -i •/ 
f->'j5^*^Ql . Q3 , Q5 <7)v^-rix*^tm»«6cr)^ 

r2<?)HIlIK-ry 'f Xlf flniSE I cWmiXh . Z<r>y>{X 

nm%mzii h/^ x^isssmaii i « n ^ ^-i^-;^ t 
r 1*^^ ycryv^ b nm^z^ t •& . 13 2 c?) y ^ xmmm¥h 
a. itmum < -vj^-y i^^tti^xii^ . r^-f-f 

[ 0 0 1 5 ] H3 \m2(r>mL^i I c i:ll««s5 I cl 

*»^r=t o taiimSE^ffl^H-r^O 2 S ^ k ifX 

^/Cs a2«0IlI»T«ilSlZil/l?2i0h7>'>''>^ 



9<nTrU Tr2*^^V^{c:jS!:ffi^^r3bS*»^i>. lO02i>: 
^ISn2 <7)ai:^T'20<7)h9>'i;^;z.:J'Trl, Tr2<0Mffll 

[00 161 

[®2iO||)SgfiJ] <!K^z^ mAi:mmLX%2aimm(r> 

^yj^-'$'mm.^:mR-th. fiL. E4{cj3i>Tia2i: 
m.mmzm-<m^><z\im-(r>^mi^Lx^<^m?ni 

'fX^iaJSSaJi. «aSli:7'f>'7^;l'^'2i;<0SKr 

igft^>fL;^wh7yxip-^cTi I k / ■< x^^m\iLmy 
12kf}^h^i>. CTi iJi, -1ii<ri^^m^^ 
^ ytizWUzW^^ixim 1 m/$^2<r>i <!KmmnU^ 

nib k^-^mmn2k^mmm.^-:iTi3i,zmm-r:i 

k\,Z\,Z'yXmWL-^1xX\^h. CTl l(^tti^jig|8n2 

Jii<?:^iSnia, ni\><r>mM<r>^i3m(:>lxh. 

«gS t iESil8fE{±Jf ife^tc ct -7 T ESiJf S . mU 1 Ji^ 
ffl3c8gmi®T'S)-5T0y;t{f 5 OH zOiSJl^-C$>S<7? 
X\ 2<^^J8n2 C«g!$iXJt7 -f /W:? 1 2{i, ^1 

[00 17] y^lVS'l 2<0— ^r«oai:>37-f XiNPN 
StfOH 1 C7) h 5 > ^ TrKO'^-X i: P N PSom 2 
C7)h7>'i^'X:5'Tr2i7)'<-Xi:tc:«gg§it. mi3<^^-^ 

[0 0 18] ^l(r>h^y'Jxi$'Trl(7)aUif:f'lim2 

kmmiz^mm^yy'y^4cr)±mm'^izmm^tL. m 
<oT«*?(:«M$ixTv^s. m\mf'm2<^vvy-j 

03>-r^-t?-Cl . C2 OffiSSM^tCtfi^^ix-CV^ 

[ 0 0 1 9 ] ll4e9-< V/'N'-rJ'ElfSSOX-f v^y^m 
^^Ql -Q6 {SEl2i:RI«tC0iJxtf2OkHzgJK£Oi§ 
V^iS^TJt-V • 04cO|Iim-tJV^T. H 

iaiXII2<7)h9>'i^'X:?'Trl. Tr2izX h y XWlt 
«S[co«i|i&*i^fi5i^^:V^*g■t^{i. lll~S6<0X'f«7 
f->':J^3g-7^Ql ~Q6 <r)::ty ■ :^yiZi'7X /--rfU^t 

-]i<r>y^ xtfi^-th. y--?)V=i:-Y<r)j>{x\i^ 
mumm 1 1 u r^? h/i^li km'^^m3 (nim^^ 

^r- K i: -f >'>'N'- rJ- 0S& 5 C0±ffl!|c^;?. -y ^yyn=f-k 
6 :>'y N'- ^ ESS 5 iOTffllOX'f -y ^y-/m=f- 

i.. -eCl-C. 04«7)iiiKT'{iy--7;l'^:- Hy^fX^ai 
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r2S:|gi!rt-S.. 1^ lc7)h7>'i^'X:5'Trl*-':t>'mic: 
[0020] 

(1) ia20[HlSSSr^^LTI15(c*-ri:dlC7-<>' 
7 ^l^r? 2 ^mmSSL^aJS 8 h^SLHIKS i: 

( 2 ) 02«7)mi!S 1 ^Hffl35gE«i®t L, SgSllIS&S 

(3) X-f -y^Vi/S^Ql — Q6 iJr^N'-frff-^h^ 
yi^'X:?^-^.^::^, h^^-i^'X^Trl, Tr2^FET 

(4) -(>'y^-:f'mm5^ms-(>'j<-^mmz-r^ 



{i:|giai/lg2<7)h7>'xX^'Trl, Tr2<?5l*l<0— 
( 6 ) 6 CO 3 -?(^mU(0^}^M *>HfflM^ 

[112 ] ^^B^com 1 <r>mi&m-i y^^-^mm^^-t 

[03] ia2CO*a5iOmiiiES:^8»ga-CftS. 
[04 ] Wi2<rmm<r>>{ y^N'- ^'ilSSrS^-rillSSS-C' 



[S5] ^W(7)>f WN'-^j'jiss-s^-rnis&ia-cfc?.. 
[w-f-oiiBj] 

TrU Tr2 ffifll«8iEfitJ&fflh7>'i^'X^' 



mi ] 



[@3] 




Ic 

Ici O 
lo 0 




~~I~T -iTr^-+ — I— >J5f/div - 



J L 



J L 



l50mA/div 
J I I 



[112] 
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[04] 




